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Abstract—An approach to computer-assistant decision mak-
ing problem is presented in the paper. The recommendations
of actions that can be undertaken by an user in order to reach
a desired goal are presented in the form of deontological state-
ments. The necessary domain knowledge is provided to the sys-
tem in the form of a domain ontology. The recommended ac-
tions are relatively evaluated by a system of semi-ordering rela-
tions suggested by the user. The semi-ordering relations consti-
tute partial selection criteria of qualitative and/or quantitative
type. Final solution is based on examination of an evaluation
matrix. The method is illustrated by examples.
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1 L INTRODUCTION

Living in an infinitely diverse and changeable world we
try to describe it by conceptual models useful to reasonable
decisions making. There are numerous types of models
aimed at a formal description of the processes distinguished,
observed and/or stimulated in the real world. The Bayesian
belief networks [5,12,14], Markovian networks [7,8], deci-
sion trees [3,9], Hasse diagrams [4], workflow diagrams
[17], frames [13], PERT networks [2], etc. among them can
be named. Another (below not considered) class of models
has been created for knowledge and semantic structures rep-
resentation. Some of the above mentioned models, like
Bayesian and Markovian networks are particularly suitable
for decision processes planning under insufficiency or in-
credibility of information. Most of the models are based on
the assumptions that in an examined universe there can be a
priori distinguished: 1° some states and 2° some conditions
concerning possible passing from a current state to the next
one, considered as segments of spontaneous or controlled
processes. The models thus are represented by different
types of labeled directed graphs whose nodes are assigned to
some states and arcs — to transitions between the pairs of
states [9]. However, any finite or countable graph is isomor-
phic to a bi-variable relation described on the Cartesian
product of the sets of elements represented by the graph
nodes. The graph-based models are thus not quite suitable to
the description of processes generated by multi-variable rela-
tions. On the other hand, such processes in real world are not
an exception. For example, an accident on a street is caused
by a collision of two (or more) vehicles’ movement process-
es and as such it rather can be represented by a super-rela-
tion between two (or more) relations describing consecutive
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vehicles’ positions before the collision than by a bi-vari-
able relation. Collision presentation by a graph-model
whose nodes would be assigned to the sequences of
time-ordered states (i.e. positions) of the vehicles seems
thus to be an ineffective approach. Another problem
arises if some two states are linked by a controlled op-
eration transforming the first into the second one. The
models consisting of states and operations or actions
constitute a class of active models . It seems that such sit-
uation can be represented by a triple of graph nodes: two
ones representing the initial (4) and final (C) states and
the third one (O) representing the transforming opera-
tion. However, a graph model of this type can not distin-
guish between “admitted” and “non-admitted” transfor-
mation processes if the same operation O in two alterna-
tive processes participates. E.g., when the same opera-
tion O alternatively transforms a state 4 into C or B into
D , the graph model consisting of five nodes presents the
processes A - O - C,A - O - D,B - O - Cand
B - O - D as equally possible while only two of them,
A - O - Cand B - O - D, are really admitted.
Therefore, active models need more sophisticated for-
malism for being adequately described. First attempt to
this consists in using bi-partite graphs, based on two mu-
tually disjoint subsets of nodes: assigned to the states
and to the actions in a system. Petri nets are a typical ex-
ample of such models; the transitions being in this case
controlled by logical functions [1,15]. Another type of
active models is given by bi-partite graphs describing de-
ontological (gr. deontos = what should be) inference
networks [11]. In such models two disjoint subsets of
graph nodes correspond, respectively, to the states and
to deontological recommendations. Simple deontologi-
cal statements (sds):

Ifit is A then do B in order to reach C
or

If it is A and it should be C then do B.
Both versions are semantically equivalent and both can
be represented in the graph by double transitions 4 —
B - C where 4 and C are, respectively, initial and target
(desired) state-nodes while B is a recommended action-

node . Formally, the first version of sds seems also to be
equivalent to an inductive statement:

If A and B then C,
while the second one to:
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If A and C then B.

However, those semantic equivalences show that there is a
substantial formal difference between inference based on
deontological and on inductive rules. It also is caused by the
fact that the phrases in order to reach C or it should be C,
in fact, are not assertive statement to which logical values
can be assigned. That is why to sds relative preference level
rather than a logical value ( true, false ) can be assigned.
Moreover, the preference level usually depending on several
factors (like: expected effectiveness of reaching the goal C,
cost of the preferred action B , constraints imposed on the
action, expected side effects, etc.) is rather a relative position
on an ordering scale than a strong numerical value. That is
why, excepting particular cases, deontological inference
models can not be reduced to those based on classical logic
inference rules. It was shown in [11] that relative logic is
more adequate to the situations when comparative assess-
ment of statements as a basis of logical inference is pre-
ferred. However, the assumption that the state-nodes of a
bi-partite graph model are assigned to real states considered
as clearly defined, separable entities is also unrealistic. For
example, it is not possible to establish a preference between
the following two ontological rules:

If it is raining then call a taxi in order to be taken to the
theater ,
If it is raining then take un umbrella in order to go to
the theater

Moreover, choosing the most satisfying action is usually
possible only under some uncertainty about the side and
neutral effects. That is why below it is assumed that the
preference of actions is based on their semi-ordering instead
of exact optimization calculus.

In this paper the former idea of simple deontological infer-
ence rules representation by directed bi-partite graphs is ex-
tended. The below presented approach to the decision mak-
ing problem is based on the assumption that in most cases
of decision making human intuition plays higher role than a
strong mathematical optimization. Below, the states describ-
ing situations in an application domain under consideration
has been replaced by more realistic, developed situations
(scenarios). A situation contains, in general, three types of
states: 1" — the useful ones, required to be reached or en-
hanced, 2™ — the undesired ones, recommended to be re-
duced, and 3" — the neutral ones, apparently being of less in-
teresting to the user but sometimes having influence on the
effectiveness of the undertaken actions. This classification of
states can be illustrated by medical treatment of a patient
where application of a drug causes: 1" — reduction of blood
pressure (useful effect), 2™ — slowing of movements (unde-
sired effect) and 3™ — financial cost (neutral effect from a
medical but not negligible from a patient’s point of view).
The recommended actions are defined as transformations of
initial situations into the (intermediate or final) target ones.
However, an user requiring an advice from a decision sup-
porting system may be not conscious of existence of some
neutral effects or of their importance. The recommendations
of actions provided by the system should be thus completed
by providing also information about their expected neutral
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effects which, at the next iteration of a decision making
process, can be qualified by the user as useful, undesired
or neutral. The categories (concepts) used to construction
of states and of situations are represented by a taxonom-
ic tree being a component of an ontology of the applica-
tion domain.

The next part of the paper consists of three sections.
Sec. I, contains basic notions including domain ontolo-
gy, taxonomic tree, states, actions and extended deonto-
logical statements. In Sec. III the principles of multi-as-
pect evaluation of decisions based on deontological
statements are presented. A concept of double semi-or-
dering based evaluation is described there and illustrated
by examples. Final conclusions are presented in Sec. IV.

II. BASIC NOTIONS

We call deontological network a formal structure de-
scribing logical connections between decisions based on
deontological statements. Deontological networks are re-
ferred to application domains (called also, with a dose of
exaggeration, real world ) defined as some selected parts
of the real world under consideration. However, con-
struction of a deontological network needs the deonto-
logical statements to be represented in a concise and
standardized form. For this purpose, four auxiliary con-
cepts of: a / ontological taxonomic trees , b/ states , c /
situations , and d/ actions admissible in the application
domain below will be introduced and used as a basis of
e/ extended ontological statements definition..

1. Taxonomic trees.

It is assumed that decision maker’s primary
knowledge about a given application domain is presented
in the form of ontological models defined as basic
features and/or relations characterizing the given part of
real world [18]. Among the ontological models a
taxonomic tree describing a semantic hierarchy of items
(categories, concepts) concerning the application domain
plays a basic role. Taxonomic trees can be presented
even in graphical (suitable for direct examination) or in
tabular (preferred for computer examination) forms.

Example 1

Let us assume that City transport in M ( M being the
name of a given town) is considered as an application
domain. The corresponding ontological model contains a
taxonomic tree of items whose fragment is shown in Fig
1. The taxonomic tree, if necessary, can be extended
down to the leafs level.
Let us also remark that in formal sense the nodes of the
taxonomic tree have been assigned to some sets, subsets
or individual elements having semantic interpretation in
the real world e

0. City transportin M
1. Objects
1.1. Technical media
1.1.1. Railways
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1.1.2. Buses
1.1.3. Trams
1.1.4. Taxis
1.2. Topography
1.2.1. Town quarters
1.2.2. Streets/squares
1.2.3. Topographical objects
1.3. Connections
1.3.1. Underground routes
1.3.2. Bus routes
1.3.3. Tram routes
1.3.4. Taxi ranks
2. People
2.1.Customers
2.1.1. Passengers
2.1.2. Clients
2.2. Staff
2.2.1. Administrative
2.2.2. Technical
3. Co-operating organizations
3.1. Police
3.2. Medical
3.3. Fire brigades
3.4. City engineering
3.5. Financial
3.6 Assurance
4. Rules
4.1. General
4.2. Fare tariffs
4.3. Emergency instructions
5. Time
5.1. Season
5.2. Date
5.3. Type of the day
5.4. Day-time
5.5. Accidental time-periods
5.6. Time duration
6. Operations
6.1. Management
6.2. Service-providing
6.3. Technical
6.4. Security
7. Customer’s actions
7.1. Requirements
7.1.1. Queries
7.1.2. Service orders
7.1.3. Complains
7.2. Operations
7.2.1. Getting
7.2.2. Paying
7.2.3. Changing
7.2.4. Waiting
etc.
Fig. 1. Example of a fragment of taxonomic tree.

A taxonomic tree thus establishes a semantically system-
ized dictionary of key-words which can be used to a char-
acterization of the states (events, processes, etc.) in the ap-
plication domain. The nodes of taxonomic trees used in de-
ontological models are assigned to the categories of
objects’-, properties’- or of actions’-type. In a formal sense,

the nodes of a taxonomic tree denote some similarity
classes or subclasses of elements distinguished in the
application domain. The leafs directly subordinated to
the nodes denoting features, parameters etc. are interpret-
ed as their values and as such they indicate on mutually
excluding items.

Some categories occurring in the taxonomic tree can be
several times used in deontological statements (say, for
description of initial and target situations). In such case
the corresponding sets should be considered as isomor-
phic but different and differently denoted sets.

A taxonomic tree T will be called deontologically ori-
ented (D-oriented ) if it satisfies the above-formulated
conditions. Any D -oriented taxonomic tree makes possi-
ble a formal description of states and situations for for-
mulation of deontological statements concerning the giv-
en application domain. On the other hand, on the basis of
a D- oriented taxonomic tree 7 it can be defined a family
Sr of all T-based deontological statements.

1L States.

A state is a single value or a subset of values of a quan-
titative or qualitative feature characterizing an object,
event or process arising in the application domain. As
such, it is represented by a node of the D -oriented taxo-
nomic tree representing an object and one or several as-
sociated with it nodes representing its features. There
will be distinguished exact and fuzzy states. Exact states
will be presented by terms having the form of ordered
pairs (N?,, V) where N, denotes the g-th node on the
p-th level being a leaf of the taxonomic tree, assigned to
a certain category while V%, is its value or subset of val-
ues. Fuzzy states will be described by terms of the form
(N?,) where N¥, denotes an intermediate node of taxo-
nomic tree representing a category as a multi-element
set. Such term can be interpreted as a set-theoretical sum
of all subordinated instants (values) or as any instant of
the given category.

1l Situations.

A situation is defined as a collection of states referred
to a selected group of objects, at a fixed time-instant or
in a defined time-interval. It is called that a situation is
exact if it consists of exact states only; otherwise it is
called a fuzzy situation. As it has been formerly
mentioned, from a user’s point of view, within a given
application problem such states can be classified into
useful, undesired or neutral ones.

Taking into account that the states-defining nodes used
in the description of a situation represent some single- or
multi-element sets, which for the sake of simplicity will
be denoted by Vi, Vi, ..., Vi, one can formally define a
situation as a relation R described on an operational
space O given by a Cartesian product:

ROO=VyxVyx .. XVy (1)
A situation is called exact if all terms describing its

features are exact. Exact situation is thus given by a
sequence of feature values:
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R = [ Vily Vi2gen ey Vik] (2)
or, in particular, by a vector of numerical parameters.

Example 2.

Let us take into consideration an expression (see the
taxonomic tree in Fig. 1):

{[( 1.2.3 , Railway Station ), ( 1.3.2)], ( 5.1, winter ),
(5.3, holiday )]}

The curly { } and square [ ] brackets has been used for in-
dication that the items inside should be considered together
as being related to common situations. According to the
above-formulated rules, this expression can be interpreted as
follows:

[ any bus route at railway station, winter, holiday |

This contains all key-data necessary to construction of a
more stylistically correct phrase like:

“any bus route at the railway station in winter and
holiday ™.

It becomes an assertive statement if a verbal phrase
There is > by default is joined to it. Similarly, if the
taxonomic tree contains also the categories:

7.2. Operations

113

7.2.4. Waiting
then an expression
{( 1.2.3 , Railway Station ),[( 1.3.2),(7.2.4)]}
is semantically equivalent to a description of a situation:
“ at the Railway Station a passenger waiting for any bus
route”
which (according to a template being here behind the
interest) can be stylistically reformulated as:
“At the Railway Station a passenger is waiting
for a bus route” ®

1IV. Actions.

An action is physically interpreted as a transformation of
an initial into a target (intermediate or final) situation, both
situations being defined in a fixed operational space. For-
mally, it is a super-relation between two relations describing
the initial and target situation and defined on the same Carte-
sian product. It is thus described on a sequence of sets repre-
sented by nodes of a D- oriented taxonomic tree which satis-
fy the conditions:

> the sequence consists of three sub-sequences
describing, respectively: the initial situation, a transforming
operation and the target situation;

» the sub-sequences describing the initial and target
situations are compatible with those specified by the user as
useful or undesired states, excepting, eventually, some
neutral ones (which by the user can be neglected);

» the operation describing sub-sequence specifies the
operation itself as well as its features (cost, performance
parameters, execution constraints, etc.).

Example 3.

If Vis, Vaa, ...
tree:

Vi = 7.2.1 (getting)

Vo= 1.2.3 (topographical objects)

, Viz denote selected nodes of a taxonomic
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Vis=1.3.2 ( bus routes )

Viy=1.2.1( town quarters )

Vs =4.2.2( bus fare )

Vie=5.6.2 ( waiting time )
then an expression:

(7.2.1, getting ), ( 1.2.3, West Railway Station ),

(1.3.2,#2),(1.2.1, City Center ) (4.2.2, 1 €),

(5.6.2, 20 min) ,
will be interpreted as an action:

“ Getting in bus route #2, from West Railway
Station to City Center , bus fare: 1€, expected waiting
time: 20 min” .

The above-described action is exactly defined as a
single instant of a relation described in the operational
space defined by a Cartesian product of categories:

Ouwi=(721)x(1.23)x(132)x(121)x%

X (4.22)%x(56.2)

Its components: getting in and #2 directly describe a
recommended action while /€ and 20 min characterize
the “costs” of the operation ®

V. Extended deontological statements.

An extended deontological statement ( eds ) has a
general form:

Ifitis A and it should be C then do B

It suggests undertaking some possible (but not
necessarily optimal) action B that may transform a
given initial situation 4 into the target one C . The
phrases initial situation, action and target situation
containing key-data of the statement can be represented
as instants of some relations R ;, , R ; and R .., defined,
respectively, in some operational spaces O ;,, O ;and O
« generated by the subfamilies of categories N i, , N,
and N . . A set H of eds- es can be defined as an
extended product of the relations [17]:

H=Ry, n R N Ry 3)

Partial overlapping of the families N, , N, and N .
can be caused by the fact that 1* the initial and target sit-
uations may concern the same objects and 2™ a sort of
causal linkage between the initial and target situation is
established by the recommended action. The concept of
eds-es composition can graphically be illustrated as
shown in Figs 2 and 3. In Fig. 2 the process of relations
construction on the basis of categories taken from a taxo-
nomic tree is shown. In Fig. 3 composition of deonto-
logical statement as an algebraic product of selected re-
lations is illustrated (common categories whose values
should be adjusted are shown in gray).

Eds is called exact if all its component terms are exact
and as such they describe single instants of the corre-
sponding relations. Otherwise, if at least one term is ad-
dressed to a multi-instant category, the eds is called
Sfuzzy.

Example 4.

Among the following two actions used as eds
components:

(7.2.1),(7.3.2, #2),(1.2.3, West Railway Station)

(7.2.1),(7.3.2),(1.2.3, West Railway Station)
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Relations

Categories

Fig. 2. Construction of relations..
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Fig. 3. Composition of deontological statement

assuming that ( 7.2.1 ) is a leaf of the taxonomic tree while (
7,3,2 )and ( 1,2,3 ) are not, one can say that the first one is
exact while the second one is fuzzy because it should be
interpreted as:
“getting any bus route at West Railway Station”.

Assuming that at West Railway Station the bus routes
#2, #5 and #6 are available, this leads to a logical disjunction
(0) of exact eds -es (below, only the component R, is
shown):

(.-),(7.2.1),(7.3.2, #2),(1.2.3, West Railway Station) O

O(..)(7.2.1),(7.3.2, #5),(1.2.3, West Railway Station) O
O¢..)(7.2.1),(7.3.2, #6),(1.2.3, West Railway Station).

This means that in such case a problem of choosing the
mostly recommended action arises ®

We shall denote by 4 o the set of actions a , proposed by
aset Q of eds -es:

Ao={ay, as,..., au} @)

Let us remark that the total number M of proposed actions
exceeds the number of eds -es if some fuzzy statements are
split into the exact ones.

III. R ELATIVE EVALUATION OF ACTIONS
Below, fuzzy eds -es will be considered. As it has been
mentioned in Sec. I, among the terms describing the compo-
nent relation R ., there can be distinguished the ones classi-
fied by the user as: 1 ** useful, 2 " undesired and 3 ™ neutral.
It is assumed that the three subclasses are mutually disjoint.

Example 5

Let us take into consideration the following recom-
mended actions:

1) (..)(7.2.1),(7.3.2,#2),(1.2.3, West Railway
Station),(4.2.2, 1€), ( 5.6.2, 20 min),(5.5, raining) ;

2) () (7.2.1),(7.3.2,#5),(1.2.3, West Railway
Station) (4..2.2, 1€ ), ( 5.6.2, 15 min), (5.5, raining) ;

3) (...)(7.2.1),(7.3.3, #22),(1.2.3, West Railway
Station),(4.2.2, 0.8 €), ( 5.6.2, 20 min),(5.5, raining) ;

4) (..)(7.2.1),(1.3.4, taxi rank),(1.2.3, West Railway
Station),(4.2.2, 8 €) , (5.6.2, 5 min),(5.5, raining) .

They propose several city transport means in order to
get from West Railway Station to City Centre. From a
passenger’s point of view:

a. the terms (1.2.3), (7.3.2), (7.3.3) and (1.3.4)
specifying the passenger’s goal (getting from the West
Railway Station to the City Centre) can be classified as
useful ;

b. the terms (4.2.2) and (5.6.2) specifying the cost
and expected waiting-time can be classified as
undesired,

C. the term (5.5) can be classified as neutral ; it
specifies the accidental time-period (raining) which is
not a matter of choosing , however, it has an influence,
e.g. on the waiting-times accepted by the passenger @

Before going to further considerations let us remark
that any relation described as a subset of a Cartesian
product (an operational space) can also be considered as
basis of another relation (a relation on relation = super-
relation ). In particular, orderings of any sort can be in-
troduced into the relations.

The problem of evaluation of actions can be formulated
as follows.

Let us assume that:

|. For a given finite set Q of eds- es and generated
by it relation Ao, O Ouywny describing the
recommended actions the components of the
operational space Oy wy have been divided into the
following disjoint sub-families of states:
i. U= {U, U,..,U} of useful states whose
enhancement is desired;

i. W= {W, W,..,W;} of undesired states whose
reduction is desired;

iii. N of neutral states indirectly influencing on
relative importance assigned to the useful
and/or undesired states by their semi-ordering.

II. The states of U and of W may be of any
quantitative or qualitative character; however,

according to the preferences established by a

decision maker, for each state it has been defined a

semi-ordering relation of its instants (values) called

its partial preference order.
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II. It is desired:
i. to establish
satisfying the conditions:

in Ap a semi-ordering relation R

a) R is consistent with all partial reference orders
established as mentioned in p. II;

b) R can be enhanced (reduced) in selected useful
(undesired) states according to the indications
following from the neutral states;

ii. to select a subset A* [ A, of the most preferable

actions in the sense of the semi-ordering in 4.

In general, it follows from the assumption II that the
above-formulated problem cannot be reduced to any classi-
cal numerical optimization task On the other hand, the re-
quirement III. ii admits several preferable but mutually
equivalent or incomparable solutions.

One of possible solutions of the above-formulated problem
can be based on a concept of double semi-ordering in 4 .
For this purpose let us denote:

1) by F=[UW]=[F,), p=1,2,...,P, selected components
of the operational space Oywy for which partial criteria
of actions’ quality in the form of semi-ordering relations
0, 0y,..., Op, respectively, have been established;

2) by W- a super-relation of semi-ordering established in
the set F' according to relative importance levels as-
signed to the partial criteria of the quality of actions.

We shall decompose (see Appendix, Definition 5) all
sets F,, p = 1,2,..., P, into:

a. top-layers if they belong to U or

b. bottom-layers if they belong to W.

Of course, the numbers of layers in different sets F', may
be different.

Let us denote by 4”, p=1.2,..., P, d=0,1.2,..., a
subset A4” (0 A of actions whose p -th component has been
included into the J-th layer of the set F,

A ={aga,...,ac}, &1,..., KO[1,...,.M] ®)

Similarly, we decompose into top-layers the family F of
sets; the corresponding top-layers will be denoted by G @,
G @, etc. Then we shall arrange the subsets 4 5 so that
those indexed by p belonging to a lower top-layer precede
the ones whose index p belongs to higher top-layer of F
(the order of subsets within a fixed top-layer of F being not
substantial). Then it will be defined an evaluation matrix :

E=[A4/”1,p=012,..,P,0=0,1.2,...,d 6)

where d denotes a maximal number of top- or bottom- lay-
ers of the sets belonging to F. For the sake of simplicity, in-
stead of the elements a, a,, ... , a, of A & their indexes & 1,
..., k only in the evaluation matrix will be indicated. The po-
sitions in the columns of E corresponding to the sets F', con-
taining less than g top- (bottom-) layers should be filled by
x; empty subsets 4, will be denoted by (.

Evaluation matrix £ makes available an inspection into
the relative quality of recommended actions and it can be
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used to a final decision making. The most preferable ac-
tions are those belonging to the intersection of subsets A
o” whose index p belongs to the top-layer G @ . Howev-
er, it may happen that this intersection is empty. In such
case weakening of the selection criterion is necessary.
This can be reached by taking into account an intersec-
tion of sums 4,” 0A4,” of subsets whose index p be-
longs to the top-layer G. This procedure of weakening
can be repeated up to the moment of reaching a non-
empty intersection of sums of subsets.

Example 5
A set Q of deontological statements concerning sum-

mer holidays spending contains several fuzzy (multi-
variant) proposals which, after splitting into exact pro-
posals lead to a set 4 o of 5 recommended actions. The
actions (according to a taxonomic tree named, say, Holi-
days ) are described and should be evaluated according
to the following categories:

U, — geographic region, W, — total cost,

U,— month,

Us — duration time,

W, — distance,

W5 — cost/day,

W, — visa requirements,
Ws — risk level,

N; — country,

U, — type of holidays,
Us — type of transport,
Us — accommodation,
U; — attractions,
The values of states describing the proposed actions in
several ways can be relatively evaluated, e.g.:
W, W, and Wj; as numerical values, can be linearly
ordered.
U, is usually linearly ordered, however, in this case
its semi-ordering of preferences can be represented by a
graph shown in Fig. 4 (see also Appendix, Definitions 1,
2, 5 and Remarks 1 and 2).

U,” July, August February
S
f
U,” June, September January, March
U,” December April, May
U,? October, November

Fig. 4. Graph of semi-ordering of months (preferences for

planning holidays) with decomposition into top-layers.
U ; is also numerical, however, it can be divided into
intervals such that e.g., 1-2 weeks holiday interval may
be most preferable than those shorter than 1 week or

longer than 2 weeks.

Similar semi-ordering relations can be established for
U,, Uy, Us, Us, U; as well as for W, and Ws. For example,
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for Us — accommodation a linear ordering can be estab-
lished:
poor = admissible = moderate = good = excellent
Category U, (type of holidays) is binary:
stationary = travelling
and similarly, W, (visa requirement) is evaluated as:
no = yes.

GO U1’U2 ‘ W1
_____t______g__
Gm Us’Us W3
_____ _A_______Q__
G? U4’U5 :

- _ _‘_ ______ i
G W5

Fig. 5. Semi-ordering of the criteria of the quality of actions with
decomposition into top-layers.

Category N (country) is here not directly used to evalua-
tion of actions. However, it may influence monotonic en-
hancement of semi-ordering of W, (see Appendix, Defini-
tion 3) because in certain countries getting a visa is a trou-
blesome operation. For such countries the former binary
semi-ordering can be monotonically enhanced by splitting
the higher (undesired) category yes into sub-categories:

no = yes easy =< yes difficult.

In Fig. 5 an established semi-ordering super-relation %
of partial criteria of actions’ quality is shown. According to
this, the “best” recommended actions are those belonging,
simultaneously, to the top-layers of U, and U,” and to the
bottom-layer W, .

According to the above-described principles it can be con-

structed an E matrix, like this whose fragment is shown in
Fig. 6.

G®© GW

U} Uz W] U3 U6 W3

1 2 3 4 5 6

0 O {250 | O g (1,2} | O

{13 | O |84 23| 0 |5

21 O {13} O {145 ] (4 | {13

31{245}) | {4} | {12} x {35} | 4}

X {5} X O {2}

Fig. 6. Fragment (left upper part) of an evaluation matrix.
It can be seen that 4/ = 4% = 0 and, thus,
Aa([) al Ag(z) n A()(S) =[.
Therefore, the selection criterion should be weaken
by extending it on the 0" and 1% top-layers. We obtain:
{13}n {25}n {34}=0

which again gives no solution. Next extension (on 2™

top-layer) leads to:

(433082453 n {13025 n[{12}

O{3431=1{3}

Therefore, a; is the recommended action of the highest
relative quality @

The above-described procedure of adjusting the selec-
tion criteria to the results of evaluation of actions by
partial criteria consists, in general, of two possible oppo-
site movements:

1. weakening selection criteria by merging the top-
layers (as illustrated in Example 5);

2. strengthening the selection criteria by merging the
top-layer G with G%, G? etc., which causes inclu-
sion of additional partial criteria into the selection
process.

The partial selection criteria may be of quantitative as
well as of qualitative character; in both cases numerical
optimization has been here replaced by set-theoretical
considerations.

CONCLUSIONS

The above-presented basic idea of decision support by
computer is: formulate your problem, establish your
criteria and let a computer help you in selection the
most preferable actions for reaching your goal. The
domain knowledge necessary to formulate the decision
problem is drawn from a corresponding domain ontolo-
gy. The ontological taxonomic tree is used to construc-
tion of eds -es suggesting various actions that can be
undertaken in an initial situation and lead to a goal pos-
tulated by the user. Moreover, the eds- es contain also in-
formation about expected side effects of actions that
might be behind the consciousness level of the user.
The user is asked to relatively evaluate (or to introduce
his corrections to) various, desired and undesired aspects
of the proposed actions, as well as relatively evaluate the
importance of the partial actions quality criteria. Then a
computer program divides the sets of values of aspects
used to evaluation of actions into top- or bottom-layers,
constructs and presents to the user an evaluation matrix.
The user can then manipulate by weakening or strength-
ening the particular selection criteria up to the moment
of reaching a final subset of the highly recommended ac-
tions.

The quality of a decision supporting system based on
the above-described approach will also depend on ade-
quate construction of domain ontologies as well as on the
quality of an user-friendly human-system interface.

The above-described method should be extended on
multi-step deontological inference processes in which a
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final goal is reached through sequences of actions leading to
some intermediate situations. This should be a subject of fur-
ther investigations.

A PPENDIX
Below, formal definitions of some concepts used in Sec.
III of the paper are given (see also[16]).

Definition 1
For any non-empty set X a relation:
rOXxX (A1)

satisfying the conditions of:

a/ reciprocity : for any & 00 Xrelation r ( &, &) holds;

b/ symmetry : forany &, { O Xif r ( €, { ) holds then

also » ( {, é)holds;

¢/ transitivity: forany &, ¢, w O X ifr (&, {) and r ((,

) hold then also r (& ) holds;
is called equivalence. The fact that a pair of elements & (is
in the above-given sense equivalent will be denoted by

=

Definition 2
For any non-empty set X a relation:
oOXxX (A2)
satisfying the conditions of:

a / reciprocity,

b / weak asymmetry: for any & { O X both o (¢, {) and

0 (¢, &) hold if and only if £ = { in the sense of a certain

relation of equivalence;

¢ / transitivity
is called semi-ordering .

The fact that an ordered pair of elements (¢, () satisfies
the semi-ordering relation g will also be denoted by é = ¢
and read as & precedes (.

Any pair of elements &  not satisfying the relation o
will be called incomparable what will also be denoted by
é?

We call the expressions ¢é=<(, & and & 7 (
relationships between & and (.

We call that a/ the relationship = is stronger than &=
lor é? (, b/ the relationship & = { is stronger than € ? (.

Definition 3

If 0’ and 0” are two semi-ordering relations described
on the same set X such that for any pair of elements & ¢ 0
X the following implications of relationships are satisfied:

a/ if § £ { holds then & =” { holds;
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b / for at least one pair (& {) the relationship between
& and ( is stronger in ¢” than in 0’

then 0” is called a monotonic enhancement of o’

Definition 4

Let X, Z be any non-empty sets, ¥ = X x Z and let 0
UXxX and 20 Y x Y be two semi-ordering relations
described, respectively, on X and Y . It will be called
that 2 is consistent with o if he following condition
holds: forany &, £” 0 Xandany {0 Zif o (&, £7)is
satisfied then 2 [(€’, {),(£”, {)] is satisfied.

Definition 5

Let G = {g}, k = 1,2,..., K, be a finite set and let p
be a semi-ordering relation described in G. Then:

a / any element g; such that there is no other element

g» 0 G such that gi[ g, and not g,, [ g
will be called a maximal element in G;

b / the subset G” 00 G of all maximal elements of G
will be called the top layer of G;

c/asubset G? ,i =12, .. being a top-layer of the

difference of sets G\ GV
will be called a (i—1)-th top-layer of G.

Remark 1

Minimal elements, bottom-layer Gy’ Gy UG, and the
consecutive bottom-layers G, j = 1,2,..., of G can be
defined similarly to the above-described way.

Remark 2

For any finite non-empty set G and any semi-
ordering relation 0 :

a. minimal and maximal elements of G exist;

b. decomposition of G in to top- (bottom-) layers is
unique, depending on 0;

C. cach element of G belongs to exactly one top-
layer and exactly one bottom-layer of G.
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